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(57) Abstract 

An optical wireless data communication system includes a plurality of terminals (41-48) each having a transmitter 
(51-58) which transmits optical pulse signals at a first carrier frequency (f,) and a receiver (61-68) which receives optical 
pulse signals on a second carrier frequency (f,), and a plurality of optical repeaters (50, 60, 70) each having a plurality of 
transmitters (74, 80, 82), a plurality of receivers (72, 76, 78) and an optical signal path determining structure (84), the opti- 
cal repeaters (50, 60, 70) being coupled to communicate with each other and with associated terminals (41-48). Each ot the 
optical repeaters (60) converts the frequency of optical signals from an associated terminal (44, 45) to the second frequency 
(f,) and transmits signals at the second frequency (f 2 ) to all the associated terminals (44, 45) and to all the other optical rep- 
eaters (50, 70) optically coupled thereto. Also, each optical repeater (60) transmits signals received from another optical 
repeater (50) to all the other repeaters (70) optically coupled thereto, except the transmitting repeater (50), and also trans- 
mits such signals to all the terminals (44, 45) associated therewith. 
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OPTICAL WIRELESS DATA COMMUNICATION SYSTEM 

Technical Field 

This invention relates to data communication 
systems of the kind including a plurality of terminals 
which are capable of transmitting and receiving 
optically coded data. 

It should be understood herein that reference 
to "optical" and "light" include ultraviolet and 
infrared radiations as well as visible light. 

The invention has a particular application to 
a system for transmitting data between a plurality of 
terminals, such as office computers and terminals 
thereof, point-of-sale (POS) terminals and other 
devices for in-house communication, which may be 
located in a large room or in a plurality of rooms, 
all of which devices are referred to herein as 
"terminals". 

Background Art 

From Patent Abstracts of Japan, page 131 E 
362, abstract of Japanese Published Patent Application 
No. 60-140941 (Application Filing No. 251925/83), in 
the name of Fujitsu Ltd., there is known an optical 
space transmission system, wherein a plurality of 
terminal devices in the same or different rooms 
communicate via optical transmitters with transmission 
lines which are connected to a central controller. 
Data transmitted from a transmitting terminal is 
stored in the central controller and then transmitted 
simultaneously over all the transmission lines and via 
the optical transmitters to all the terminals, whereby 
a semi-duplex data transmission system is achieved. 

One disadvantage of this known data 
communication system is that if the central control 
device becomes defective or inoperable then no data 
can be transmitted between the terminals of the 
system. 
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Disclosure of the Invention 

It is an object of the present invention to 
provide a data communication system of the kind 
specified, wherein the aforementioned disadvantage is 
alleviated. 

Therefore, according to the present 
invention, there is provided a data communication 
system of the kind specified, characterized in that 
said terminals include respective tramsmitters adapted 
to transmit optical signals with a first carrier 
frequency and respective receivers adapted to receive 
optical signals with a second carrier frequency 
through a first . optical wireless communication 
channel, and by a plurality of optical repeaters each 
of which includes a plurality of transmitters, a 
plurality of receivers and path determining means 
adapted to determine the path of optical signals, the 
plurality of optical repeaters being connected so as 
to communicate optically with respect of said 
terminals by transmitting said optical signals through 
the first optical wireless communication channel and 
to communicate optically with each other by 
transmitting said optical signals through a second 
optical wireless communication channel, in that each 
said optical repeater converts the carrier frequency 
of optical signals from said first carrier frequency 
to said second carrier frequency to transmit said 
optical signals converted to said second carrier 
frequency from said transmitters incorporated therein 
to all associated terminals and to all of the other 
optical repeaters optically coupled thereto when said 
optical repeaters receives said optical signals with 
said first carrier frequency at a receiver therein 
from a terminal of the associated group of terminals 
through said first optical wireless communication 
channel, and in that each of said optical repeaters 
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transmits optical signals with said second carrier 
frequency from said transmitter incorporated therein 
to all associated terminals and to all of the other 
optical repeaters optically coupled thereto except the 
transmitting optical repeater of said optical signals 
with said second carrier frequency when said each of 
the optical repeaters receives at a further receiver 
said optical signals with said second carrier 
frequency from the optical repeater optically coupled 
to said further receiver through said second optical 
wireless communication channel. 

A data communication system according to the 
present invention provides several advantages. Thus, 
no central control device is utilized and, 
furthermore, the terminals can readily be moved to 
alternative in-house locations, particularly since the 
system does not utilize any cable, optical fibers or 
like means to transmit data from one unit to another. 
A further advantage is that possible interference . 
problems and errors resulting therefrom are minimized 
by using two distinct signal carrier frequencies and 
by inhibiting each repeater from retransmitting a 
received signal back to the repeater from which the 
received signal was transmitted. 

Brief Description of the Drawing 

One embodiment of the invention will now be 
described by way of example, with reference to the 
accompanying drawings, in which: 

Fig. 1 shows the arrangement of an optical 
wireless communication system according to the present 
invention; 

Fig. 2 shows the schematic structure of a 

repeater shown in Fig. 1; 

Figs. 3A and 3B are block diagrams of a 
transmitter and a receiver of a terminal or like 
equipment ; 
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Figs* 4A and 4B show the structure of the 
repeater shown in Fig. 1 and including the details of 
the path determining means; and 

Figo 5 shows waveforms of transmit and 
receive signals * 

Description of the Preferred Embodiment 

A preferred embodiment of the present 
invention will be described with reference to the 
arrangement and structure illustrated in Figs. 1 and 
2, Fig, 1 shows the general arrangement of the 
optical wireless communication system according to the 
present invention* In the drawing , terminals 41 , 42, 
43, 44/ 45, 46, 47, and 48 include transmitters 51, 
52, 53, 54, 55, 56, 57 and 58 for transmitting optical 
pulse signals at carrier frequency fi (hereinafter 
referred to as f^) and receivers 61, 62, 63, 64, 65, 
66, 67 and 68 for receiving optical pulse signals at 
carrier frequency f2 (hereinafter referred to as f2)« 
Each optical repeater 50, 60 or 70 is adapted to 
receive an optical signal fi from any of the terminals 
41-48 associated therewith and to receive an optical 
signal £2 fro™ any of the other repeaters optically 
coupled thereto, and to transmit the optical signals 
to the other repeaters optically coupled thereto other 
than the repeater from which the optical signal was 
received, and to the terminals associated therewith* 

Fig* 2 shows the general structure of a 
repeater 50, 60 or 70. As an example, the repeater 60 
consists of a receiver 72 for receiving the optical 
signal f^ from the terminal 44, a transmitter 74 for 
transmitting the optical signal f2 to the terminal 44, 
a pair of receivers 76 and 78 for receiving the 
optical signals f2 from the other repeaters 50 and 70, 
and a pair of transmitters 80 and 82 for transmitting 
the optical signals f2 to the other repeaters 50 and 
70. The repeater 60 also includes means, within the 
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dotted line and generally designated as 84, for 
determining the path of optical signals (hereinafter 
referred to as the determining means) and consisting 
of a pair of transmission forbidding signal generators 
86 and 88, a pair of receive completion sensors 90 and 
92, and a frequency converter 94. 

In an explanation of the arrangement and 
structure illustrated in Figs. 1 and 2, it is now 
assumed that data is transmitted from terminal 44 to 
terminal 48. Terminal 44 transmits an optical signal 
at the carrier frequency fi from the transmitter 54 of 
the terminal 44 to the optical repeater 60 . It is 
understood that while the details of the optical 
repeater 60 are mentioned in this portion of the 
description of the invention, the various elements 72- 
94, inclusive, are equally applicable to optical 
repeaters 50 and 70. The repeater 60 receives the 
optical signal fi at the receiver 72 thereof which 
signal is sent from the terminal 44. The optical 
signal at the carrier frequency fi thus received from 
transmitter 54 is converted into an electric signal to 
be sent to the frequency converter 94, which converts 
the electric signal thus received into an electric 
signal at the carrier frequency f2 to be output to the 
transmitters 74, 80 and 82. The transmitters 74, 80 
and 82 convert the electric signals at the carrier 
frequency £2 into optical signals at the carrier 
frequency £2 to be transmitted to the terminals 44 and 
45 and to the repeaters 50 and 70. 

Although the transmitter 74 of the repeater 
50 sends the optical signals to the terminals 44 and 
45, the carrier frequency fi of the optical signal 
which is transmitted from the transmitter 54 of the 
terminal 44 is different from the carrier frequency £2 
of the optical signal transmitted from the repeater 60 
to such terminals 44 and 45, so that the signal 
transmitted from the terminal 44 does not interfere 
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with the signal transmitted from the repeater 60. 
Accordingly , the terminals 44 and 45 can correctly 
receive the signals at the carrier frequency f2 
transmitted from the repeater 60- However, it is to 
be noted that the data also is transmitted to the 
terminal 48, so that the terminals 44 and 45 simply 
confirm the address of destination in the received 
signals and will not receive the succeeding data. In 
this case, the system may be alternatively constructed 
such that only the terminal 44 which transmits the 
data to terminal 48 receives all the data from the 
repeater 60 and compares the data thus received with 
the data thus transmitted to see whether the data thus 
transmitted is correctly relayed via the repeater 60 . 

On the other hand, the optical signal at the 
frequency f2 which is transmitted from the transmitter 
82 of the repeater 60 to the repeater 70 is received 
by the receiver 76 of the repeater 70. The signal 
thus received by the receiver 76 is sent as an 
electrical signal to the frequency converter 94, to 
the transmission forbidding signal generator 86, and 
to the end of receive sensor 90* The transmission 
forbidding signal generator 86, upon receiving the 
electrical signal from the receiver 76, prepares a 
transmission forbidding signal to be output to the 
transmitter 80. The frequency converter 94 converts 
the electrical signal from the receiver 76 into the 
electrical signal at the frequency £2 to lDe output to 
the transmitters 74, 80 and 82. The transmitter 82 
converts the electrical signal at the frequency f2 
from the frequency converter 94 into an optical signal 
at the frequency f2 to be transmitted to a repeater 
(not shown) located in a right-side position in Fig, 
1. The transmitter 74 of the repeater 70 transmits 
the optical signal at the frequency f2 to the 
terminals 46, 47 and 48. However, since the 
transmission forbidding signal has been output from 
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the transmission forbidding signal generator 86 to the 
transmitter 80, the "transmitter 80 does not transmit 
any optical signal- As has been described above, the 
transmitter 80 does not transmit any optical signal to 
the repeater 60, so that an error in communication due 
to the interference of optical signals will not occur 
in the optical wireless communication between the 
repeaters 60 and 70. The electrical signal received 
from the receiver 76 is also sent to the end of 
receive or receive completion sensor 90 „ When the 
level of an electrical signal that is output from the 
receiver 76 is low for a predetermined per iod of time, 
the receive completion sensor 90 considers that the 
transmission is completed and stops outputting the 
transmission forbidding signal from the transmission 
forbidding signal generator 86 „ 

The terminals 46, 47 and 48, respectively, 
receive the optical signal from the transmitter 74 of 
the repeater 70 . However, the terminals 46 and 47 do 
not find addresses of their own in the destination 
address in the received signals, so that the terminals 
46 and 47 do not receive the succeeding data. The 
terminal 48 confirms that the data which is 
transmitted thereto from the destination address is 
contained in the received signal and thus such 
terminal 48 receives all the data* 

The optical signal at the frequency f2 which 
is transmitted from the transmitter 80 of the repeater 
60 to the repeater 50 is received by the receiver 78 
. of the repeater 50. The repeater 50 transmits the 
optical signals at the frequency t 2 from transmitter 
74 to terminals 41, 42 and 43 and from transmitter 80 
to a repeater (not shown) located in a left-side 
position in Fig- 1. However, it does, not transmit the 
optical signal £2 from its transmitter 82 which is 
adapted to transmit a signal to the repeater 60. 
Although the terminals 41, 42 and 43, respectively, 
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receive the optical signals £2 £zom the transmitter 74 
of the repeater 50, these terminals 41, 42 and 43 do 
not find their own addresses in the received signals, 
so that these terminals do not receive the succeeding 
data e 

Next, a preferred embodiment of the present 
invention will be described in more detail with 
reference to the accompanying drawing. Figs. 3A and 
3B show schematic structures of the transmitter 51 and 
the receiver 61 of the terminal 41 (Fig. 1) * The 
description for terminal 41 along with the transmitter 
51 and the receiver 61 thereof applies equally for the 
other terminals 42-48, the other transmitters 52-58 
and the other receivers 62-68 (Fig* 1) . The terminal 
41 includes the transmitter 51 for transmitting the 
optical signal at the frequency f^, the receiver 61 
for receiving the optical signal at the frequency £2 
from the repeater 50, and a transmit/receive 
controller (not shown) , In this connection, data 
transmit/receive control by a transmit/receive 
controller is well known in the art, so that the 
description thereof is not included herein. Fig<> 5 
shows wave forms of signals at respective individual 
portions or areas of the terminal 41 and the optical 
repeater 50, 

The transmitter 51 will be described in more 
detail with reference to Figs« 3A and 5c The 
transmitter 51 includes a modulator 100, a driver 102 
and a light emitting element 104. In a signal 
transmitting operation, coded data in the shape of a 
square wave form (Fig. 5(a)) which is output from a 
transmit/receive controller (not shown) is modulated 
by the modulator 100 into a signal at the frequency 
f^r as shown as a voltage wave form in Fig. 5(b). The 
signal thus modulated is transmitted to the repeater 
50 as an optical signal f]_, shown as an intensity of 
light wave form in Fig. 5(c), from the light emitting 
element 104 which is driven by the driver 102. 
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Next, the receiver 61 of the terminal 41 will 
be described in more detail with reference to Figs. 3B 
and 5. The receiver 61 includes a light receiver or 
light receiving element 106, a first amplifier 108, a 
band pass filter 110 for selecting signals at the 
frequency f 2 * a second amplifier 112, an attenuator or 
automatic gain control circuit 114, a third amplifier 
116 and a demodulator 118. The receiver 106 receives 
an optical signal f2 which is transmitted from the 
repeater 50 as an intensity of light wave form shown 
in Fig. 5(d). In order to avoid the interference 
between the transmitted optical signals, optical pulse 
signals at different pulse frequencies fi and f 2 are 
employed, and it is preferable that these pulse 
frequencies are greatly different from each other. 
Accordingly, in this embodiment, it is preferred that 
£ 1 = 1.536 MHz and f 2 = 768 KHz . The light receiver 
106 converts the received optical signal f 2 into an 
electrical signal that is to be output to the first 
amplifier 108 which amplifies the electrical signal 
thus input to the first amplifier and to be output 
therefrom to the band pass filter 110. The band pass 
filter 110 selects only signals at the frequency f 2 
and outputs an electrical signal, as shown as a 
voltage wave form in Fig. 5(e), to the second 
amplifier 112. The electrical signal which is 
amplified by the second amplifier 112 is output 
therefrom to the third amplifier 116 through the 
attenuator or automatic gain control circuit 114 in 
order to reduce distortion in the wave form. The 
electrical signal which is output from the attenuator 
or automatic gain control circuit 114 is amplified by 
the third amplifier 116 into a required magnitude and 
is output from the third amplifier to the demodulator 
118 which codes the electrical signal received from 
the third amplifier 116 into a signal, shown as a 
voltage wave form in Fig. 5(g), to be output to a 
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transmit/receive controller (not shown) in the 
terminal 41 (Fig. 1). The signal transmitting/ 
receiving operation is performed among the various 
terminals 41-48, inclusive, in the above mentioned 
manner . 

Next, the structure of the optical repeater 

60 and the individual operations associated with 
receipt of the optical signal, the frequency 
conversion of received signals, the designation of 
signal destination, and optical signal transmission 
will be described in more detail with reference to 
Figs. 4A and 4B. It should be noted that in the 
portions surrounded by broken lines, like numerals 
denote like parts, as indicated at 84 in Fig. 2. 

The optical repeater 50 includes the receiver 
72 (Fig. 4A) for receiving the optical signal fi from 
the terminal 44, the receivers 76 and 78 (Fig. 4B) for 
receiving optical signals E2 tzom the other repeaters 

50 and 70 and the transmitter 74 (Fig. 4B) for 
transmitting an optical signal £2 which is wide in 
band and direction to the terminal 44. The optical 
repeater 60 also includes the transmitters 80 and 82 
for transmitting optical signals f2 which are 
relatively narrow in band and direction to the other 
repeaters 50 and 70, and the repeater 60 also includes 
the path determining means 84. The receiver 72 is 
constructed in almost the same manner as the receiver 

61 (Fig. 3B) of the terminal 41 or the receiver 64 of 
the terminal 44 (Fig. 1), except that a band pass 
filter 111 and a demodulator 119 (Fig. 4A) , which are 
somewhat different from those used in the terminals 41 
or 44, are applied in the circuit because the 
frequency of light received at receiver 72 is 
different from that of the light received by receiver 

51 of terminal 41 or of the light received by receiver 
64 of terminal 44. The receivers 76 and 78 (Figs, 4A 
and 4B) are constructed in the same manner as the 
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receiver 61 (Pig. 3B) of the terminal 41 or the 
receiver 64 of the terminal 44 (Fig. 1). The 
transmitter 74 includes the driver 102 and a light 
emitting element 120 which is wide in band and 
direction. The transmitters 80 and 82 (Figs. 4A and 
4B) each include an AND gate 122, a driver 102 and a 
light emitting element 124 which are relatively narrow 
in band and direction* The path determining means 84 
includes the transmission forbidding signal generators 
86 and 88, the receive completion sensors 90 and 92 
and the frequency converter 94. 

The transmission forbidding signal generators 
86 and 88 each include a flip-flop 130. The flip-flop 
130 is set at the rising of a received signal and 
outputs a transmission forbidding signal (when the 
signal is "low", the transmission is forbidden) from 
its Q/ (to be read as Q bar) terminal to the AND gate 
122 of the transmitter 80 or 82 to forbid the 
transmission of the signal from the transmitter 80 or 
82. 

The receive completion sensors 90 and 92 each 
include an exclusive OR gate 132, a counter 134, an 
inverter 136 and an OR gate 138. When the signal 
receive operation by the receiver 76 or 78 is 
completed, only a "low" signal is output from the 
demodulator 118 of such receiver. The "low" signal 
from demodulator 118 is provided as one input to the 
exclusive OR gate 132. At that time, since the other 
input to the exclusive OR gate 132 (the Q output of 
flip-flop 130) is "high M r the output of gate 132 will 
be "high" and hence the counter 134 commences the 
counting operation. The counter 134, after enduring 
this state for a predetermined duration of time, 
outputs a "high" signal when it completes a 
predetermined number of counts. The "high 1 ' signal 
output (D terminal) from the counter 134 is supplied 
to a reset input of the flip-flop 130 of the 
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transmission forbidding signal generator 86 via the 
inverter 136 and the OR gate 138 to reset the flip- 
flop 130. When the flip-flop 130 is reset, the 
transmission forbidding signal (Q/ output) is stopped 
("high") to return the transmitter 80 or 82 to its 
initial state in which a signal can be transmitted. 

The frequency converter 94 (Fig* 4A) consists 
of an OR gate 140 , a counter 142 and an oscillator 
144 . In case no signal is received from any receiver , 
inputs of the OR gate 140 are "low" and hence the 
output thereof is also "low" , so that the counter 142 
is reset and a counting operation is not performed. 
Accordingly, a "low" signal is output from D terminal 
of the counter 142 to the AND gate 122 of each of the 
transmitters 80 and 82 and to the driver 102 of the 
transmitter 74 (Fig. 4B) « When any one of the 
receivers 72, 76 or 78 receives a signal from another 
repeater or terminal, coded signals, shown as the 
square wave form in Fig. 5(g), are output from the 
demodulator 118 of receivers 76 and 78 or from 
demodulator 119 of receiver 72. The signals "high" 
and "low" thus output from demodulators 118 and 119 
are supplied to the reset input of the counter 142 via 
the OR gate 140. The counter 142 performs the 
counting operation in accordance with clocks from the 
oscillator 144 only when the reset input thereof is 
"high". On the other hand, when the reset signal is 
"low", no counting operation is performed. 
Accordingly, when the signal, as shown in Fig. 5(g), 
is input to the reset input of the counter 142, a 
modulated signal, as shown in Fig. 5(f) and as an 
electrical signal at the frequency £2* is output from 
the output terminal D of the counter 142 and is 
supplied to the AND gate 122 of each of transmitters 
80 and 82. 

Next, the operation of the path determining 
structure 84 will be described in regard to Figs. 4A 
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and 4Bo When a signal is transmitted from the 
terminal 44, the receiver 72 of the optical repeater 
60 receives the optical signal fi to send a coded 
signal to the OR gate 140 in the same manner as a 
signal received by the receiver 64 of the above 
mentioned terminal 44 o Then, the frequency converter 
94 sends the electrical signal from the D terminal 
thereof at the frequency f2 to the transmitters 74 , 80 
and 82 , as has been described above. The transmitter 
74, upon receiving the electrical signal at the 
frequency £2, transmits an optical signal £2 from the 
light emitting element 120 to the terminal 44, the 
element 120 being driven by the driver 102. 

Next, the case in which one repeater, as 50 
(Fig. 1), receives the optical signal f2 sent from 
another repeater, as 60 (Figo 2), will be described* 
It is assumed that the receiver 76 of the repeater 60 
receives the optical signal from the other repeater 
50. The receiver 76 of the repeater 60, upon 
receiving the optical signal f2/ sends the signal, as 
shown in the wave form in Fig. 5(g), to the OR gate 
140 and to the transmission forbidding signal 
generator 86 (Fig. 4A) . The frequency converter 94 
outputs the electrical signal at the frequency f2 from 
the output terminal D thereof in accordance with the 
signal sent to the OR gate 140 and the signal thus 
output is supplied to the transmitters 74, 80 and 82, 
as has been described above. The transmitter 74 (Fig. 
4B), upon receiving the electrical signal £<ii 
transmits the optical signal f2 to the terminal 44, as 
has been described above. On the other hand, the 
transmission forbidding signal generator 86 (Fig. 4A) 
sends a "low" transmission forbidding signal from its 
q/ terminal to the AND gate 122 of the transmitter 80 
in accordance with the signal input into the 
transmission forbidding signal generator 86. Hence, 
no signal is transmitted from the transmitter 80 of 
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repeater 60 to the repeater 50 from which the signal 
has been transmitted. In addition, on this occasion, 
the receiver 78 (Fig. 4B) does not receive an optical 
signal from the other repeater 70 r so that no 
transmission forbidding signal is output from the 
transmission forbidding signal generator 88. 
Accordingly, the transmitter 82 (Fig. 4B) sends an 
optical signal at the frequency to the next 
repeater in accordance with the electrical signal at 
the frequency f2 from the frequency converter 94. 



communication in optical signal form is performed 
among the optical repeaters 50, 60 or 70 without 
temporarily collecting communication data in a 
communication controller, by which an advantage can be 
obtained that the entire system can be prevented from 
being disabled due to the failure of a communication 
controller. In addition, the system is constructed 
such that one repeater does not transmit a received 
signal to another repeater which transmitted the 
signal, thereby reducing errors in communication. 



As has been described above, the data 
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CLAIMS : 



1. A data communication system, including a 
plurality of terminals (41-48) which are capable of 
transmitting and receiving optically coded data, 
characterized in that said terminals (41-48) include 
respective tramsmitters (51-58) adapted to transmit 
optical signals with a first carrier frequency (fi) 
and respective receivers (61-68) adapted to receive 
optical signals with a second carrier frequency (f2) 
through a first optical wireless communication 
channel, and by a plurality of optical repeaters (50, 
60, 70) each of which includes a plurality of 
transmitters (74, 80, 82), a plurality of receivers 
(72, 76, 78) and path determining means (84) adapted 
to determine the path of optical signals, the 
plurality of optical repeaters (50, 60, 70) being 
connected so as to communicate optically with 
respective groups of said terminals (41, 42, 43; 44, 
45, 46, 47, 48) by transmitting said optical signals 
through the first optical wireless communication 
channel and to communicate optically with each other 
by transmitting said optical signals through a second 
optical wireless communication channel,- in that each 
said optical repeater (e.g„ 60) converts the carrier 
frequency of optical signals from said first carrier 
frequency (fi) to said second carrier frequency (f2) 
to transmit said optical signals converted to said 
second carrier frequency (£2) from said transmitters 
(74, 80, 82) incorporated therein to all associated 
terminals (44, 45) and to all of the other optical 
repeaters (50, 70) optically coupled thereto when said 
optical repeaters (e.g. 60) receives said optical 
signals with said first carrier frequency (fi) at a 
receiver (72) therein from a terminal (e.g. 44) of the 
associated group of terminals (44, 45) through said 
first optical wireless communication channel, and in 
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that each of said optical repeaters (e.g. 60) transmits 
optical signals with said second carrier frequency 
(£2) fro™ said transmitter (74, 82) incorporated 
therein to all associated terminals (e.g. 44, 45) and 
to all of the other optical repeaters (50, 70) 
optically coupled thereto except the transmitting 
optical repeater (e 0 g<> 50) of said optical signals 
with said second carrier frequency (f2) when said each 
.of the optical repeaters (e.g 0 60) receives at a 
further receiver (e.g. 76) said optical signals with 
said second carrier frequency (£2) from the optical 
repeater (50) optically coupled to said further 
receiver (e.g. 76) through said second optical 
wireless communication channel. 

2c A system according to claim 1, 
characterized in that transmitter (54) of each 
terminal (44) includes a modulator (100) adapted to 
receive coded data, and a light emitting element (104) 
responsive to said modulator (100) and adapted to 
transmit optical signals to the associated optical 
repeater (60) • 

3. A system according to claim 1, 
characterized in that the receiver (64) of each 
terminal (44) includes a light receiving element (106) 
adapted to receive an optical signal from the 
associated optical repeater (60), band pass filter 
means (108, 110) coupled to said light receiving 
element (106) and adapted to provide a filtered 
electrical signal, and a demodulator (118) adapted to 
demodulate said filtered original- 

4. A system according to claim 1, 
characterized in that each of said optical repeaters 
(50, 60, 70) includes optical signal path determining 
means (84) having transmission forbidding signal 
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g enera tor means (86, 88) , receive completion sensor 
means (90, 92) coupled to said signal generator means 
(86, 88), and frequency converter means (94) coupled 
to the transmitters (74, 80, 82) included in the 
repeater (50, 60, 70) and adapted to generate 
electrical signals at said second carrier frequency 

<f2>- 



WO 89/06459 



PCT/US88/04544 



1/5 

FIC 



50 



60 



L 



70 



f2 



~2L 



/l\ 

f2 



f2 



"2_ 



a n \\\ 



n 



fi 



f2 
fl 



f2 



TP 42 J 43 ^ 44^ 45^ 



fl 

56 vl 57^L 58 - x 



65 




'66yr^ -68 



F 



FROM f2 
OPTICAL 
REPEATER 



TO f2 
OPTICAL 
REPEATER 




=J f 2 FROM 
rr^ — OPTICAL 
REPEATER 



f2 TO 
OPTICAL 
REPEATER 



FROM TO 
TERMINAL TERMINAL 



WO 89/06459 



6/5 



PCT/US88/04544 



FIG. 5 



(a) 



VOLTAGE 



(b) 



VOLTAGE 



1 



INTENSITY 
(C) OF LIGHT 

t 





INTENSITY 
(d) OF LIGHT 

t 



(e) 



VOLTAGE 





(f) 



VOLTAGE 



t — 1 



RMIUlLJllLJinM 



(9) 



VOLTAGE 



n 



WO 89/06459 



PCT/US88/04544 



2/6 



FROM 
TRANSMIT/ 
RECEIVER 
CONTROLLER 



FIG. 3A 




TO 
OPTICAL 
REPEATER 



FIG. 3B 



61 



AUTOMATIC 
GAIN CONTROL 
CIRCUIT 

"7777 



TO 

TRANSMIT/, 
RECEIVER 
CONTROLLER 



„ 2 / I ■ I |og y ^|06 
IIO y 



118 



1 



DEMODULATOR 



II6n 



f 2 FROM 
T£ OPTICAL 
REPEATER 



INTERNATIONAL SEARCH REPORT 

Internati onal Application No PCT/US 88/04544 

I. CLASSIFICATION OF SUBJECT M ATTER (it several classification symools apply, indicate all) 6 

According to Imornational Patent Classification (IPC) or to both Notional Classification and IPC 

IPC 4 : H 04 B 9/00 

II. FIELDS SEARCHED ■ — 

Minimum Documentation Searched 7 ' 

Classification System i Clasoification Symbols 

IPC 4 ! H 04 B; H 04 L 

I 

Documentation Soarched other than Minimum Documentation 
to the Extent that ouch Documents are Included In the Fieldn Soarched 0 



III. DOCUMENTS CONSIDERED TO OE RELEVANT 0 



Category * | 



Citation of Document. « with indication, whoro expropriate, of the relevant passages « | Relevant to Claim No. " 



EP, A, 0091271 (MATSUSHITA) 
12 October 1983 
see page 6, line 24 
12; page 7, line 25 
9; page 10 , line 16 
3 



page 7, line 
page 8, line 
page 11, line 



A 
Y 



GB, A, 2187367 (RICOH) 
3 September 1987 

see page 2, lines 56-90; page 10, 
lines 92-100; claim 7 



EP, A, 0196347 (IBM) 
8 October 1986 

see page 7, lines 11-30; page 8, 
line 27 - page 9, line 21 

EP, A, 0240119 (POLAROID) 
7 October 1987 
see claim 8 



i 2-4 
i 

; i 

2-4 
2-4 



./. 



° Spoctol cotogorios of cited documonto: 

"A" documont dofining tho genoral ototo of tho ort which io not 

considorod to bo of particular rolovonco 
"E" oarlier documont but publishod on or aftor tho intornotionol 

filing date 

"L" documont which may throw doubts on priority etaim(o) or 
which io cited to establish the publication date of onothof 
citation or other special rooson (as specifiod) 

m O m documont referring to an oral disclosure, uoe, oxhibition or 
othor moans 

*'P" document published prior to the international filing doto but 
lator than the priority date claimed 



lolor documont publishod aftor tho intornotionol filing date 
or priority date ond not in conflict with tho application but 
eitod to undorstond tho princtplo or thoory undorlying tho 
invontion 

X" document of particular rolovonco: tho elaimod invention 
connot bo considorod novol or cannot bo considered to 
Involvo on invontivo otop 

documont of particular rolovonco; tho cloimod invontcon 
connot bo considorod to involvo on invontivo step whon the 
documont 10 comoined with ono or moro othor ouch docu- 
ments, ouch combination bomg obviouo to a person ohillod 
In tho art. 

documont mombor of tho somo patent family 



"T" 



IV, CERTIFICATION 

Date of the Actual Completion of the International Search 

20th March 1989 


Doto of Mailing of this International Soarch ftoport 

2 7. 04 89 


International Searching Authority 


S 1 g natu^ojiLA*rt*wt»o^fn c e r 


EUROPEAN PATENT OFFICE ^ 





Form PCT/ISA/210 roecond shoot) (January 1985) 



( 9 



Intoffiotlonal Application He. PCT / US 88/04544. 



| Roicreant te Claim No 



EP, A, 0189273 (WESTXNGHOUSE) 
30 July 1986 
see claims 1,8 

Patent Abstracts of Japan, volume 7, no. 
129 (E=179)<1274), 4 June 1983 r 
£ JP„ hp 5844832 (MITSUBISHI DENKI K.Kj 
■15 Mareh 19S3 
see abstract 



3 



Fgrm PST ISA SI 6 (astro ohootj (Janyafy 1DS0) 



ANNEX TO THE INTERNATIONAL SEARCH REPORT 

ON INTERNATIONAL PATENT APPLICATION NO. US 8804544 

SA 26142 

This annex lists the patent familv members relating to the patent documents cited in the above-mentioned international search report. 

The members are as contained in the European Patent Office EDP file on 18/04/89 . 

The European Patent Office is in n. way liable for these particulars which are merely given for the purpose of mformat.on. 



Patent document 
cited in search report 


publication 
date 


Patent family 
mcmber(s) 


Publication 
date 


EP-A- 0091271 


12-10-83 


JP-A- 


58170141 


06-10-83 






JP-A- 
FR-A- 
DE-A- 
JP-A- 
JP-A- 


62210749 
2598575 
3700492 
62210748 
62160844 


16-09-87 
13-11-87 
16-07-87 
16-09-87 
16-07-87 


EP-A- 0196347 


08-10-86 


JP-A- 


62042635 


24-02-87 


EP-A- 0240119 


07-10-87 


JP-A- 
US-A- 
CA-A- 


62209940 
4759011 
1248588 


16-09-87 
19-07-88 
10-01-89 


EP-A- 0189273 


30-07-86 


JP-A- 
US-A- 


61173537 
4662715 


05-08-86 
05-05-87 



For more details about this annex : see Official Journal of the European Patent Office, No. 12/82 



J 



